Appln. No. 10/560,846 

Amendment dated August 1, 2007 

Reply to Office Action dated April 20, 2007 

REMARKS/ARGUMENTS 

Applicant would like to thank the Examiner for the careful consideration given the 
present application. The application has been carefully reviewed in light of the Office Action. 

As a preliminary matter, applicant notes that the Examiner failed to acknowledge that all 
copies of the priority documents have been received in this National Stage application. 
Applicant respectfully requests that the Examiner acknowledge in the next Office action that all 
copies of the priority documents have been received. If all copies of the priority documents have 
not been received from the International Bureau, please contact Mr. Mike Neas at the PCT-help 
desk (571-272-3289) for assistance in retrieving copies of the documents. 

The Examiner objected to the drawings "because reference character '2' has been used to 
designate a rotatable sonic element and an arc-shaped sonic element." See the outstanding 
Office action at page 2. The Examiner recommends that one of the elements be labeled as "2a." 
Applicant respectfully draws the Examiner's attention to application page 6 at lines 19-21, which 
recites, "an arc-shaped sonic element 2 is supported by an ultrasonic motor (M) 3 such as to 
enable back and forth rotation within oil 6 in a direction perpendicular to the arc direction." The 
arc-shaped sonic element shown in the drawings is rotatable. Therefore, the amendment 
recommended by the Examiner has not been made. 

Applicant acknowledges the Examiner's suggested preferred layout for the specification. 

The Examiner objected to the paragraph that begins at application page 8, line 7. 
Appropriate amendments have been made. The Examiner also objected to the title of the 
invention, which has been amended. 
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Claims 1 and 2 were rejected under 35 U.S.C. 112, second paragraph, for reciting the 
term "window." The Examiner is respectfully reminded that the requirement to distinctly claim 
means that the claim must have a meaning discernible to one of ordinary skill in the art. Only 
when a claim remains insolubly ambiguous without a discernible meaning after all reasonable 
attempts at construction should a claim be declared indefinite. If the language of the claim is 
such that a person of ordinary skill in the art could not interpret the metes and bounds of the 
claim so as to understand how to avoid infringement, a rejection of the claim under 35 U.S.C. 
1 12, second paragraph, would be appropriate. See MPEP § 2173.02. Applicant submits that the 
term "window" as recited in claims 1 and 2 is readily understandable to one of ordinary skill in 
the art and has clear meaning in the pertinent art. In fact, the term "window" is recited over 60 
times in the Ramamurthy reference (USPN 7,156,551) cited by the Examiner, and is explicitly 
recited in its claims (see claims 1, 3, 4, 6 and 14). Because the term "window" is readily 
understandable to one of ordinary skill in the art and has clear meaning in the pertinent art, the 
rejection of claims 1 and 2 under 35 U.S.C. 112, second paragraph is improper. Applicant 
respectfully requests that the rejections be withdrawn. 

Claims 1-4 were rejected under 35 U.S.C. 102(e) as being anticipated by Ramamurthy. 
Applicant has submitted a declaration under 37 CFR 1.131 establishing reduction to practice of 
the claimed invention prior to June 23, 2003, which is the earliest possible effective date of the 
Ramamurthy reference. The reduction to practice occurred after January 1, 1996 in Japan, a 
WTO member country, but prior to the earliest possible effective date of the Ramamurthy 
reference. The present application claims priority to Japanese patent application 2003-191700, 
which was filed on July 4, 2003. As can be seen from the declaration, a substantially complete 
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draft of JP 2003-191700 was prepared and transmitted to the assignee of the present application, 
Matsushita Electric Industrial Co., Ltd, on June 20, 2003. The only difference between the draft 
application and the application filed as JP 2003-191700 is the addition of claim 3 in the filed 
application. Applicant submits that the invention claimed in the present application is 
completely disclosed in the draft application of June 20, 2003. Clearly, the invention claimed in 
the present application was invented in Japan prior to earliest possible effective date of the 
Ramamurthy reference, and the rejections under 102(e) should be withdrawn. 

Further, claim 1 recites in part, "calculating the sound velocity of ultrasonic waves based 
on the difference between the reflex time of ultrasonic wave reflected from the inner surface of a 
window in contact with a test subject and the reflex time of ultrasonic wave reflected from the 
outer surface of the window and the thickness of the window." Ramamurthy does not teach or 
suggest a difference between a reflex time of ultrasonic wave reflected from the inner surface of 
a window in contact with a test subject and the reflex time of ultrasonic wave reflected from the 
outer surface of the window. Ramamurthy merely teaches a time delay after a transmit event 
and using time-of-arrival to estimate window temperature (10:17-19, 32-34). However, 
Ramamurthy is utterly silent with respect to calculating a sound velocity based on a difference 
between a reflex time of ultrasonic wave reflected from an inner surface of a window and a 
reflex time of ultrasonic wave reflected from an outer surface of a window. The Examiner does 
not address the noted limitations of claim 1 in the rejection and, therefore, provides no 
explanation of how the limitations could be taught or suggested by Ramamurthy. Applicant 
submits that Ramamurthy does not anticipate claim 1, and respectfully requests that the rejection 
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be withdrawn. Claim 3 depends from claim 1 and, therefore, claim 3 is not anticipated by 
Ramamurthy. 

Claim 2 recites, "calculating the sound velocity of ultrasonic waves based on the reflex 
time of ultrasonic wave passing through fluid wherein sonic elements vibrate and reflected from 
the inner surface of a window in contact with a test subject and the thickness of the fluid ." 
Ramamurthy does not teach or suggest calculating a sound velocity based on a thickness of a 
fluid wherein sonic elements vibrate. Ramamurthy teaches that "some transducer lens or 
window materials acoustically match well to water, gel or tissue" and that "vary [sic] little 
reflected signal is provided from the lens or window surface for such materials" (11:63-66). 
Ramamurthy also teaches that "a lower frequency excitation signal... is used to provide a larger 
reflection from the lens or window surface" (12:1-3). Additionally, Ramamurthy teaches, 
"variations in the lens or window surface reflection coefficient, such as caused by air versus gel 
or tissue contacting the lens or window, are removed or accounted for by using a curve fitting 
approach" (12:66-13:2). Applicant submits that the water or gel discussed in Ramamurthy does 
not teach or suggest "fluid wherein sonic elements vibrate," as required by claim 1. Further, 
Ramamurthy does not teach or suggest calculating a sound velocity based on a thickness of such 
a fluid. Applicant submits that Ramamurthy does not anticipate claim 2, and respectfully 
requests that the rejection be withdrawn. Claim 4 depends from claim 2 and, therefore, claim 4 
is not anticipated by Ramamurthy. 

Claim 1 was rejected under 35 U.S.C. 102(b) as being anticipated by Umemura. The 
Examiner admits that Umemura fails to teach a window, as recited in claim 1. As discussed 
above, the term "window" recited in claim 1 is not indefinite, is readily understandable to one of 
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ordinary skill in the art and has clear meaning in the pertinent art. Umemura does not teach or 
suggest a difference between a reflex time of ultrasonic wave reflected from the inner surface of 
a window in contact with a test subject and the reflex time of ultrasonic wave reflected from the 
outer surface of the window. Therefore, claim 1 is not anticipated by Umemura, and the 
rejection of claim 1 should be withdrawn. 

In light of the foregoing, it is respectfully submitted that the present application is in 
condition for allowance and notice to that effect is hereby requested. If it is determined that the 
application is not in condition for allowance, the Examiner is invited to initiate a telephone 
interview with the undersigned attorney to expedite prosecution of the present application. 

If there are any additional fees resulting from this communication, please charge same to 
our Deposit Account No. 16-0820, our Order No. 39088. 



1801 East 9 th Street 
Suite 1200 

Cleveland, Ohio 44114-3108 
(216) 579-1700 



Date: August 1,2007 



Respectfully submitted, 
PEARNE & GORDON, LLP 




Brad C. Spencer, Reg. No. 57076 
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follows; 



1- My dtizsasMp, residence and post office address are as stated below, 
immediately beneath my signatore. 

2, All statements made herein of my own knowledge are true, and all statements 
made on mfoEmatioa and belief are believed to be true, 

3. In- Japan, prior to W 23. 2003, I conceived and reduced to practice the 
ultrasonic diagnostic apparatus claimed in the above-identified patent application. 

4. . It is my belief that the whole invention a* set forth in claims 1-4 of the above- 
identified patent application was in my possession prior to June 23, 2003. 

5, A draft- patent application disclosing the invention as set form in claims 1-4 of the 
tbov^feoOud application was tansmitted for review to Matsushita Electric ^dnstrial Co 
Ltd, assignee of the above-identified application, on June 20, 2003. The draft patent application 
is identical to Japanese patent application JP 2003^191700, filed July 4, 2003. and to which the 
above-identified patent application claims priority, with the exception That sai d draft patent 
application lacks jclahn 3 found in J? 2003-19 1 700. 
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A copy of said draft patent application is attached as DOCUMENT I. 



7. An English language translation of said draft patent application is attached as 
DOCUMENT X along with &e translator's verification statement. 
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[DOCUMENT NAME] SPECIFICATION 

[TITLE OF THE INVENTION] ULTRASONIC DIAGNOSTIC APPARATUS 
[SCOPE OF CLAIMS] 
[CLAIM 1] 

5 An ultrasonic diagnostic apparatus, comprising: 

a sound velocity calculation means for calculating the sound velocity 
of ultrasonic waves based on the difference between the reflex time of 
ultrasonic wave reflected from the inner surface of a window in contact with a 
test subject and the reflex time of ultrasonic wave reflected from the outer 
1 0 surface of the window and the thickness of the window; 

a temperature calculation means for calculating the temperature of 
the window based on sound velocity calculated by the sound velocity 
calculation means; and 

an ultrasonic wave output control means for controlling ultrasonic 
1 5 wave output based on temperature calculated by the temperature calculation 
means. 
[CLAIM 2] 

An ultrasonic diagnostic apparatus, comprising: 

a sound velocity calculation means for calculating the sound velocity 
20 of ultrasonic waves based on the reflex time of ultrasonic wave passing 
through fluid wherein sonic elements vibrate and reflected from the inner 
surface of a window in contact with a test subject and the thickness of the 
fluid; 

a temperature calculation means for calculating the temperature of 
5 the fluid based on the sound velocity calculated by the sound velocity 



calculation means; and 

an ultrasonic wave output control means for controlling ultrasonic 
wave output based on temperature calculated by the temperature calculation 
means. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[TECHNICAL FIELD TO WHICH THE INVENTION PERTAINS] 

The present invention relates to an ultrasonic diagnostic apparatus 
for controlling the test subject contact surface temperature of an ultrasonic 
probe. 

[0002] 
[PRIOR ART] 

Because the surface of an ultrasonic probe comes into direct contact 
with the patient, legal regulations exist such that the surface is below a 
predetermined temperature (for example, 43°C) in order to avoid injury such 
as burns to the patient. As Prior Example 1 , a method for controlling 
ultrasonic wave output by providing a temperature sensor within a probe, for 
example, is proposed, as shown in Patent Documents 1 and 2, below. In 
addition, as Prior Example 2, a method for controlling the applied voltage of a 
probe by software and hardware such that surface temperature does not 
exceed the regulation value by measuring the relation between the applied 
voltage of the probe and surface temperature beforehand, in place of 
providing a temperature sensor, for example, is proposed, as shown in Patent 
Reference 3, below. 
[0003] 
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Patent Reference 1: Japanese Patent Application Publication No. H7-265315 
(Fig. 1, Paragraph 0008) 

Patent Reference 2: Japanese Patent Application Publication No. 
2001-321377 (Fig. 1, Paragraph 0026) 

Patent Reference 3: Japanese Patent Application Publication No. 2000-5165 
(Fig. 1, Paragraph 0020) 
[0004] 

[ISSUES TO BE SOLVED BY THE INVENTION] 

However, in the foregoing Prior Example 1 which uses temperature 
sensor, there is a problem in that it becomes more expensive due to the 
temperature sensor and, in addition, there is a problem in that the probe 
surface temperature, which is the test subject contact surface temperature, 
cannot be measured accurately depending on the arrangement position 
(Issue 1). 
[0005] 

In addition, in the foregoing Prior Example 2 wherein surface 
temperature is controlled by software and hardware, there is a problem in 
that the surface temperature sometimes exceeds regulation value due to 
bugs in the software, runaway software, hardware malfunction and the like. 
Furthermore, in practice, when ultrasonic waves are received consecutively, 
the surface temperature gradually rises according to the specific heat of the 
probe window or internal fluid, and even if the regulation value is not 
exceeded suddenly, there is a problem in that the sensitivity of ultrasound 
image is poor because ultrasonic wave output is set excessively low in Prior 
Example 2 (Issue 2). 



[0006] 

In light of the foregoing Issues 1 and 2, the object of the present 
invention is to provide an ultrasonic diagnostic apparatus which can hold the 
test subject contact surface temperature below a predetermined value 
without providing a temperature sensor or setting ultrasonic wave output 
excessively low, thereby preventing low-temperature burn injuries. 
[0007] 

[MEASURES FOR SOLVING THE ISSUES] 

In order to achieve the foregoing object, the present invention 
comprises: 

a sound velocity calculation means for calculating the sound velocity 
of ultrasonic waves based on the difference between the reflex time of 
ultrasonic wave reflected from the inner surface of a window in contact with 
the test subject and the reflex time of ultrasonic wave reflected from the outer 
surface of the window and the thickness of the window; 

a temperature calculation means for calculating the temperature of 
the window, based on sound velocity calculated by the sound velocity 
calculation means; and 

an ultrasonic wave output control means for controlling ultrasonic 
wave output, based on temperature calculated by the temperature calculation 
means, 

Because the temperature of the window in contact with the test 
subject can be detected by the foregoing construction, the test subject 
contact surface temperature can be held below a predetermined value 
without providing a temperature sensor or setting ultrasonic wave output 



excessively low, thereby preventing low-temperature burn injuries. 
[0008] 

In addition, in order to achieve the foregoing objective, the present 
invention comprises: 

a sound velocity calculation means for calculating the sound velocity 
of ultrasonic waves based on the reflex time of ultrasonic wave passing 
through fluid wherein sonic elements vibrate and reflected from the inner 
surface of a window in contact with the test subject and the thickness of the 
fluid; 

a temperature calculation means for calculating the temperature of 
the fluid based on the sound velocity calculated by the sound velocity 
calculation means; and 

an ultrasonic wave output control means for controlling ultrasonic 
wave output based on temperature calculated by the temperature calculation 
means. 

Because the temperature of the window can be detected by the 
foregoing construction, the test subject contact surface temperature can be 
held below a predetermined value without providing a temperature sensor or 
setting ultrasonic wave output excessively low, thereby preventing 
low-temperature burn injuries. 
[0009] 

[EMBODIMENTS OF THE INVENTION] 

Descriptions are hereinafter given of the embodiments of the present 
invention with reference to the drawings. 

Fig. 1(a) shows the internal configuration of an ultrasonic probe 1 



according to the present invention when viewed from the side, and Fig. 1(b) 
shows the internal configuration of the ultrasonic probe 1 when viewed from 
the front. In Fig. 1 (a) and Fig. 1 (b), the ultrasonic probe 1 is connected to an 
ultrasonic diagnostic apparatus main unit 10, shown in Fig. 2, via cable such 
as to enable connection and detachment. In the inner part which is 
separated from the outer part by window 5 at the tip of the ultrasonic probe 1 , 
an arc-shaped sonic element 2 is supported by an ultrasonic motor (M) 3 
such as to enable back and forth rotation within oil 6 in the direction 
perpendicular to the arc direction. Ultrasonic motor 3 is driven by providing 
driving electrical power from the ultrasonic diagnostic apparatus main unit 10, 
shown in Fig, 2, via a two-phase transformer (T) 4. Then, as shown in Fig. 2, 
the output of sonic element 2 is transmitted to the ultrasonic diagnostic 
apparatus main unit 10, processed by an image processing section 11 into a 
three-dimensional image in the arc direction, scanning direction and depth 
direction of the sonic element 2, and this three-dimensional image is shown 
on monitor 13. 
[0010] 

Incidentally, the attribute of "temperature - sound velocity of 
polymethylpentene as window 5 and 1.3 butanediol as oil 6 is as shown in 
Table 1 and the graph in Fig. 3, below: 
[0011] 
(Table 1) 

10 20 30 40°C 
Window 5 1984 1929 1870 1810m/s 
°'I6 1583 1555 1528 I498m/s 



[0012] 

In addition, if ultrasonic pulses are outputted from the sonic element 2 
when the ultrasonic probe 1 is not touching the test subject, they pass 
through oil 6, are reflected by the inner surface of window 5, and returns via 
oil 6, as shown in Fig. 4(a), and therefore, are received by sonic element 2 
after time t1 has passed from output. Furthermore, on the other hand, they 
pass through window 5, are reflected by the outer surface of window 5, and 
returns via window 5 or oil 6, as shown in Fig. 4(b), and therefore, are 
received by sonic element 2 after time t2 has passed from output. 
[001 3] 

Consequently, sound velocity of window 5 = (thickness of window 5 x 
2) / (t2 - 11) is measured by main system 14 within the ultrasonic diagnostic 
apparatus main unit 10, and the surface temperature of window 5 can be 
detected from this measured sound velocity with reference to a graph such 
as that shown in Fig. 3. Then, if this temperature exceeds the 
predetermined value, the output of ultrasonic waves can be terminated or 
reduced. 
[0014] 

In addition, in a three-dimensional device which rotates sonic 
element 2, such as this embodiment, oil 6 is agitated and there is little 
difference between the temperatures of window 5 and oil 6, and therefore, by 
measuring 

sound velocity of oil 6 = (thickness of oil 6 x 2) / 11 , 
the surface temperature of widow 5 can be detected indirectly. 
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[0015] 

Here, errors in measured temperatures occur due to dispersions 
between "thickness of window 5" and "thickness of oil 6". Therefore, by 
providing a memory which stores "thickness of window 5" and "thickness of 
oil 6," obtained by measuring the ultrasonic propagation time of window 5 and 
oii 6 for each ultrasonic probe 1, when the ultrasonic probe 1 is in an 
assembled state, under a certain temperature beforehand and performing 
calibration, within the ultrasonic probe 1 and calculating the sound velocity of 
ultrasonic waves based on the "thickness of window 5" and "thickness of oil 
6" which are stored in this memory, errors in measured temperature due to 
dispersions between "thickness of window 5" and "thickness of oil 6" can be 
reduced and temperature detection of a higher accuracy can be performed. 
[0016] 

Although the detection of sound velocity and temperature is 
performed on the ultrasonic diagnostic apparatus main unit 10 side in the 
foregoing embodiment, it can also be performed on the ultrasonic probe 1 
side, and in this case, the existing ultrasonic diagnostic apparatus main unit 
10 side can have a fail safe function. In addition, although a 
three-dimensional ultrasonic diagnostic apparatus is given as an example in 
the foregoing embodiment, it can be applied to a two-dimensional ultrasonic 
diagnostic apparatus, as well. Here, if the temperature exceeds the 
predetermined value when the user is using a three-dimensional ultrasonic 
diagnostic apparatus in two-dimensional mode (ultrasonic motor 3 is in a 
stop-state), temperature rise can be controlled by agitating oil 6 by rotating 
ultrasonic motor 3, without stopping or reducing the output of ultrasonic 



waves, and therefore, the amount of time in an high-output state can be 
extended. 
[0017] 

[ADVANTAGEOUS EFFECT OF THE INVENTION] 

As described above, according to the invention of claim 1, because 
the temperature of the window which comes into contact with the test subject 
can be detected, the test subject contact surface temperature can be held 
below a predetermined value without providing a temperature sensor or 
setting ultrasonic wave output excessively low, thereby preventing 
low-temperature bum injuries. 

Furthermore, according to the invention of claim 2, because the 
temperature of the window can be detected, the test subject contact surface 
temperature can be held below a predetermined value without providing a 
temperature sensor or setting ultrasonic wave output excessively low, 
thereby preventing low-temperature bum injuries. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 

Fig. 1(a) is an internal configuration diagram of an ultrasonic probe 
according to the present invention when viewed from the side; 

Fig. 1(b) is a an internal configuration diagram of the ultrasonic probe 
according to the present invention when viewed from the front; 

Fig. 2 is a block diagram showing one embodiment of an ultrasonic 
diagnosis device according to the present invention; 

Fig. 3 is a graph showing the "temperature - sound velocity 1 ' 
attributes of the window in Fig. 1 and oil; 

Fig. 4(a) is a schematic diagram showing reflection due to the inner 
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surface of the window in Fig. 1(a) and 1(b); and 

Fig. 4(b) is a schematic diagram showing reflection due to the outer 
surface of the window in Fig. 1(a) and Fig. 1(b). 
[LEGEND OF REFERENCE SYMBOLS] 

1 ULTRASONIC PROBE 

2 SONIC ELEMENT 

3 ULTRASONIC MOTOR (m) 

4 TWO-PHASE TRANSFORMER (T) 

5 WINDOW 

6 OIL 

10 ULTRASONIC DIAGNOSTIC APPARATUS MAIN UNIT 

11 IMAGE PROCESSING SECTION 

13 MONITOR 

14 MAIN SYSTEM 
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[DOCUMENT NAME] ABSTRACT 

[ABSTRACT] 

[ISSUES] 

It is aimed to hold the test subject contact surface temperature below 
a predetermined value without providing a temperature sensor or setting 
ultrasonic wave output excessively low. 
[SOLVING MEASURES] 

Reflex time t1, which passes through oil 6, is reflected by the inner 
surface of window 5, and is returned via oil, and reflex time t2, which passes 
through the window, is reflected by the outer surface of the window, and 
returned via window or oil, are detected, 

sound velocity of window - (thickness of window x 2) / (t2 - 11) 
is measured, and the surface temperature of the window is detected from this 
measured sound velocity. 
[SELECTED DRAWING] Fig. 4 
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